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ABSTRACT  
Background: Sustainable water resource management has become a major challenge in Indonesia due to 
increasing pressure from domestic, agricultural, and industrial activities on river environmental quality. The 
Brantas River, as one of the major rivers in East Java, has experienced declining water quality characterized by 
high Biochemical Oxygen Demand (BOD) values, increased nutrient content, and biological contamination. 
These conditions are influenced not only by ecological factors but are also closely related to social behavior, 
community norms, and patterns of water resource utilization. This study aims to analyze the relationship 
between community social life and the ecological condition of the Brantas River through a bioeconomic 
approach and to identify the role of community participation in supporting sustainable water resource 
management. Methods: The study employs a descriptive qualitative approach based on a systematic literature 
review (SLR) using data obtained from scientific articles, government reports, and policy documents related to 
the Brantas River. The analysis was conducted thematically by integrating social and biophysical variables 
within the framework of bioeconomics and Social Ecological Systems (SES). Findings: The results indicate that 
the degradation of Brantas River water quality is influenced by the interaction between community economic 
activities, social behavior, and the ecological capacity of the river. Low environmental awareness, domestic 
waste disposal practices, and weak environmental management are the main factors contributing to increased 
pollution, while community participation and community-based monitoring positively contribute to river 
conservation efforts. Conclusion: This study concludes that the sustainability of Brantas River management 
depends not only on technical approaches but also on strengthening social governance, community 
participation, and the integration of bioeconomics into water resource management. Novelty/Originality of 
this article: The novelty of this research lies in its integrative approach that connects water quality indicators, 
economic activities, and social variables within a single socio-bioeconomic analytical framework to support 
more sustainable river management. 

 

KEYWORDS: Brantas River; community participation; environment; social life; 
sustainability. 
 

 
1. Introduction  
 

Sustainable water resource management is an important issue in Indonesia, 
particularly in river basin areas facing social, economic, and environmental pressures. The 
Brantas River, the second-longest river on Java Island, serves as a source of raw water, 
irrigation water for agriculture, industrial water supply, and daily water needs for hundreds 
of thousands of residents in East Java (Hariwati et al., 2026). However, pressure from 
domestic, agricultural, and industrial human activities has caused water pollution and 
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increased environmental degradation. Water quality analysis in several areas of the Brantas 
River shows varying conditions (Rizky & Rahayu, 2025). Parameters such as biological 
oxygen demand (BOD) often exceed established standards, especially in the middle to 
downstream sections of the river (Irawanto et al., 2024). Managing biological resources 
requires balancing ecological limits and economic benefits. Management failures often 
occur due to the separation between biological data and social dynamics  (Pascucci, 2025).  

Other studies have also identified pollution potential caused by agricultural activities 
and seasonal changes in the Brantas Watershed, particularly at 142 sampling points across 
five sub-catchment areas. The results indicate a significant relationship between the 
intensity of agricultural activities and increased pollutant parameters in the river during 
both dry and rainy seasons (Sipahutar et al., 2025). In addition, community-based studies 
involving local groups in water quality monitoring reported parameters such as pH (±7.4), 
dissolved oxygen (DO) (±6 mg/L), and relatively high BOD values (13.83 mg/L). These 
conditions are influenced not only by economic activities and seasonal changes but also by 
social norms, community behavior, and low participation in protecting the river 
environment, with coliform indicators showing significant biological contamination 
(Sulistiyowati & Uyun, 2022). Thus, pollution in the Brantas River is the result of 
interactions between ecological pressures and community social practices (Fitriyah et al., 
2026). 

These conditions have direct implications for communities living along the riverbanks. 
Sociological studies show that some families still use Brantas River water for domestic needs 
despite its polluted condition, and some children suffer from health problems such as 
diarrhea and skin diseases related to exposure to contaminated water. These findings 
highlight community health vulnerability and the need for community-based interventions 
in water resource management (Budirahayu et al., 2024). 

Furthermore, effective river management depends on riparian vegetation conditions 
and proper household waste management. Riparian vegetation plays a critical role in 
maintaining river ecosystem balance, preventing erosion, and improving water quality (Ali 
et al., 2024).This socio-bioeconomic approach positions communities as the main actors in 
maintaining balance between the economic and ecological functions of the river. 
Strengthening collective norms related to waste management, increasing environmental 
literacy, and implementing community-based monitoring systems can enhance the social-
ecological resilience of the watershed (Pambudi et al., 2023). Collaboration among local 
governments, academics, the private sector, and local communities is a prerequisite for 
creating adaptive governance responsive to seasonal changes, social dynamics, and 
development pressures. Integrating social, environmental, and economic aspects in 
watershed management requires cooperation among governments, communities, and other 
stakeholders to create inclusive and adaptive management systems (Sulistiyowati & Uyun, 
2022). 

Therefore, integrating social life into a bioeconomic approach is an important strategy 
for supporting sustainable Brantas River management. This approach positions 
communities as the primary actors in maintaining balance between economic utilization 
and ecosystem conservation (de Souza & Cândido, 2024). Community-based, participatory, 
and adaptive policies are expected to strengthen the river’s social-ecological resilience and 
serve as a model for managing other river basins in Indonesia (Ali et al., 2024). 

 
1.1 The Brantas river as a social-ecological system 
 

The Brantas River is more than a channel that carries water from upstream to 
downstream. It is a social-ecological system in which ecological processes and human 
activities continuously interact with and influence one another. The river provides water 
for domestic needs, irrigation, fisheries, industry, and other activities. At the same time, 
these activities can introduce nutrients, organic matter, solid waste, heavy metals, and other 
contaminants into the aquatic environment. This dual role creates a management challenge 
because decisions that provide short-term social or economic benefits may also generate 
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environmental costs that emerge later or are experienced by other users. Therefore, 
sustainable management needs to view the river as an interconnected system rather than 
addressing each pollution source or user group in isolation (Gowsikraja, 2025). 

Previous studies reviewed in this study indicate that the environmental condition of 
the Brantas River varies across both space and time. Changes in water quality from 
upstream to downstream have been reported, including elevated BOD at several locations 
and declining dissolved oxygen (DO) levels (Irawanto et al., 2024). Agricultural activities 
and seasonal conditions have also been associated with changes in nutrient and pollution 
parameters across the watershed (Sipahutar et al., 2025). These studies provide an 
important foundation for the present review because they demonstrate that environmental 
pressures are not evenly distributed. The condition of a particular river segment reflects a 
combination of activities occurring upstream, local land use, hydrological conditions, and 
the river system’s capacity to process or transport pollutants (Sidjabat et al., 2020).  

 
1.2 Water quality as an indicator of ecological pressure 
 

Water-quality parameters provide a practical means of describing river conditions and 
identifying environmental pressures associated with human activities. BOD reflects the 
amount of oxygen required to break down biodegradable organic matter, while DO indicates 
the amount of oxygen available to aquatic organisms. Nitrate and phosphate are important 
indicators of nutrient inputs and may increase as a result of agricultural runoff and other 
anthropogenic sources. Chemical oxygen demand (COD) indicates the amount of oxygen 
required to chemically oxidize substances in the water. When considered together, these 
parameters provide a more comprehensive picture of the environmental pressures 
affecting the river (Mahira et al., 2026). 

The secondary evidence summarized in the original manuscript indicates that seasonal 
variation is an important factor. The values adapted from the reviewed study show higher 
nitrate, phosphate, BOD, and COD levels during the rainy season, accompanied by lower DO 
levels. Rather than viewing these values simply as a collection of laboratory measurements, 
the pattern can be understood in relation to processes occurring across the watershed. 
Rainfall can mobilize materials from agricultural land, settlements, and other surfaces and 
carry them into river channels. As a result, pollution pressures may change with the season 
even when the underlying economic activities remain relatively similar. This is particularly 
relevant for management because a monitoring program based on a single sampling period 
may not capture the full range of environmental conditions (Sipahutar et al., 2025). 

The spatial dimension is equally important. The reviewed studies indicate stronger 
pollution pressures in several middle and downstream areas, where population density, 
settlements, agricultural activities, and industrial activities are more concentrated. 
Upstream areas, by contrast, may have different environmental characteristics due to land 
cover, riparian vegetation, and lower concentrations of certain human activities. This spatial 
variation suggests that management interventions do not necessarily need to be identical 
across the entire watershed. A local pollution problem may require a different response 
from a watershed-scale pressure, while prevention in upstream areas can play an important 
role in reducing environmental loads downstream (Pambudi et al., 2023). 

The literature also shows that environmental assessment of the Brantas River is 
becoming increasingly comprehensive. Earlier studies often focused on conventional 
parameters such as BOD, COD, DO, nitrate, phosphate, and pH. More recent studies have 
expanded the scope to include heavy metals, microplastics, and biological responses. Heavy-
metal contamination and biological responses in wild Cyprinidae have been examined as 
indicators of environmental pressure in the river system (Islamy et al., 2025). The 
distribution of microplastics has also been investigated in relation to water-quality 
parameters from the upstream to the downstream sections of the river (Rina et al., 2026). 
Pb and Cd contamination has further been assessed using physiological responses in 
Oreochromis niloticus (Islamy et al., 2025). Taken together, these studies suggest that river 
degradation cannot be adequately represented by a single indicator. Chemical, physical, 

https://doi.org/10.61511/jek.v4i1.2026.3859


Sukria (2026)    78 
 

 
JEK. 2026, VOLUME 4, ISSUE 1                                                                                                                  https://doi.org/10.61511/jek.v4i1.2026.3859  

particulate, and biological evidence need to be considered together when assessing 
ecological capacity (Estoque et al., 2026).  

 
1.3 Microplastics as a new dimension of brantas river pollution 

 
The inclusion of recent evidence on microplastic pollution adds an important 

dimension to the literature reviewed in this study. The spatial distribution of microplastics 
from upstream to downstream has been examined in relation to water-quality parameters 
in the Brantas River. The reported concentration increased from 6.90 particles/L in the 
upstream area to 26.29 particles/L downstream (Rina et al., 2026). The study also identified 
relationships between microplastic concentrations and BOD, COD, temperature, total 
suspended solid (TSS), DO, nitrate, phosphate, and flow velocity. This evidence is valuable 
because it connects an emerging pollutant with the conventional water-quality indicators 
already discussed in the Brantas River literature. 

Microplastics are particularly relevant to a socio-economic analysis because their 
presence is closely linked to patterns of production, consumption, waste generation, and 
waste management. Plastic materials provide economic and practical benefits in everyday 
life, but poorly managed plastic waste can enter aquatic systems and persist for long 
periods. Once transported by rivers, small plastic particles can be distributed across water, 
sediment, and aquatic organisms. As a result, the environmental costs may extend beyond 
the location where the waste was originally generated. This characteristic makes 
microplastic pollution relevant to the concept of external environmental costs within a 
bioeconomic framework (Kurniawan et al., 2025). 

The findings also highlight the importance of avoiding an overly narrow interpretation 
of water quality. Increasing microplastic concentrations downstream and their 
relationships with BOD, COD, TSS, and DO indicate that conventional water-quality 
assessments alone may not fully capture the overall pollution profile (Rina et al., 2026). 
Within the proposed framework, microplastics can therefore be considered an additional 
indicator of ecological pressure. They do not replace BOD, DO, nutrients, or other 
parameters; rather, they complement these indicators. This broader perspective is 
consistent with the objective of the present systematic literature review (SLR), which is to 
connect different forms of ecological evidence instead of focusing on a single type of 
pollutant. 

From a management perspective, the evidence on microplastics also points to the 
importance of reducing pollution at its source and strengthening waste-management 
systems. River clean-up activities can remove visible waste, but they do not necessarily 
prevent new plastic inputs. A more integrated approach should connect household waste 
practices, waste-collection infrastructure, public awareness, industrial practices, and 
environmental monitoring. In this way, microplastic management can become part of a 
broader socio-ecological strategy rather than being treated as an isolated technical 
intervention (Rifai et al., 2026). 

 
1.4 Heavy metals and biological responses 

 
Heavy-metal contamination is another environmental pressure that deserves attention 

because metals can persist in aquatic environments and accumulate in organisms. 
Contamination by Pb, Cd, Hg, Cu, and Zn, along with associated biological responses, has 
been reported in wild Cyprinidae (Islamy et al., 2025). More recent evidence has examined 
Pb and Cd contamination using Oreochromis niloticus as a biomonitoring organism. The 
study also reported increasing accumulation toward downstream stations and described 
physiological and histopathological responses (Islamy et al., 2025). These findings extend 
the analysis beyond the presence of contaminants to their potential biological consequences 
(Sidjabat et al., 2020). 

Biological responses are important within the proposed framework because ecological 
conditions cannot always be understood from water chemistry alone. A river may show 
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changes in pollutant concentrations that are difficult to interpret without information on 
exposure and biological responses. Hematological and histopathological indicators can 
provide additional evidence that organisms are experiencing physiological stress. In the 
context of this SLR, these findings are not treated as new measurements. Instead, they 
represent evidence generated by previous researchers that can be incorporated into the 
ecological-response component of the proposed framework. 

 
1.5 Economic activities and environmental trade-offs 

 
The downstream patterns reported in the heavy-metal literature are also consistent 

with the broader spatial perspective developed in this study. Downstream areas receive 
materials transported from upstream as well as additional inputs from local activities. 
However, downstream conditions should not automatically be attributed to a single source 
because multiple processes may occur simultaneously. Therefore, the SLR treats upstream-
to-downstream patterns as evidence of spatial differentiation and uses the cited studies to 
identify possible environmental pressures rather than claiming a single causal pathway 
without direct quantitative testing. 

The Brantas River supports a wide range of economic activities that are important to 
local communities and regional development. Agriculture depends on water for irrigation, 
households rely on the river system for various domestic needs, fisheries depend on aquatic 
habitats, and industrial activities require water as an important input. These activities 
should not be viewed solely as sources of pollution. They also represent legitimate social 
and economic needs. The bioeconomic perspective is valuable precisely because it 
considers how these benefits can be maintained while reducing the environmental costs 
associated with resource use (Gowsikraja, 2025). 

Environmental degradation can generate costs that are not always reflected in the 
immediate economic calculations associated with resource use. For example, pollution can 
increase the cost of obtaining clean water, reduce the suitability of aquatic habitats, affect 
fisheries, increase exposure risks, or require additional investment in treatment and 
ecosystem restoration. These costs may ultimately be borne by households, governments, 
businesses, or future users rather than by the activities that generated the initial 
environmental pressure. This is one reason environmental management needs to consider 
externalities and long-term ecological consequences alongside short-term economic 
benefits (Ba & Galik, 2022). 

 
1.6 Community behavior, vulnerability, and participation 

 
In the Brantas context, a bioeconomic interpretation does not simply mean assigning a 

monetary value to every environmental parameter. Rather, it means recognizing the 
relationship between resource use and ecological limits and examining how management 
decisions affect both human well-being and ecosystem conditions. The framework 
proposed in this study can therefore be used to organize evidence on where economic 
activities generate environmental pressures, how the river responds to those pressures, 
who experiences the consequences, and which governance mechanisms may help reduce 
them (de Souza & Cândido, 2024). 

 
2. Methods 
 

Sustainable water resource management requires a multidisciplinary approach 
integrating ecological, economic, social, and public policy dimensions. The Brantas River, as 
one of the major rivers in East Java, plays an important role in meeting irrigation, domestic 
consumption, industrial, and local ecosystem needs. Human activities such as agriculture, 
domestic waste disposal, and industrial operations place significant pressure on river water 
quality, which in turn threatens the welfare of communities dependent on the river and the 
sustainability of its ecosystem (Sipahutar et al., 2025). 
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In this study, bioeconomics is understood not only as an economy based on biological 
resources but also as a framework connecting community economic activities with the 
ecological capacity of the Brantas River through governance systems and social 
participation. Through bioeconomics, river management strategies are formulated by 
considering ecological limits, economic potential, and social needs. For example, 
bioeconomic models are used to analyze how river water utilization, agricultural activities, 
and domestic waste influence water quality, resource stocks, and economic outcomes, 
enabling management strategies that minimize ecosystem degradation while maximizing 
socio-economic benefits (Sipahutar et al., 2025). Thus, the sustainability of river 
management is determined not only by economic efficiency but also by interactions among 
social behavior, ecological capacity, and governance mechanisms (Ramcilovic-Suominen, 
2023). 

Research methods include water sampling at multiple points along the Brantas 
Watershed during two seasonal periods. Water quality parameters analyzed include 
common physical and chemical indicators used to detect pollution from agricultural runoff, 
such as nutrient content (nitrate and phosphate) (Sipahutar et al., 2025). A qualitative 
approach was conducted through in-depth interviews and observations involving women 
living near the Brantas River. Sociological and gender perspectives were used to examine 
the relationship between knowledge, environmental awareness, socio economic conditions, 
and health vulnerability (Budirahayu et al., 2024). The concept of governance in this study 
functions as a mechanism bridging the relationship between socio-economic activities and 
the ecological sustainability of the Brantas River. 

The study also examines riparian vegetation, namely plant communities living along 
riverbanks, including trees, saplings, and seedlings that play important roles in maintaining 
river ecosystem stability through functions such as erosion control, nutrient absorption, 
and habitat provision (Ali et al., 2024). Brantas River water quality declines from upstream 
to downstream due to domestic, agricultural, and industrial activities. Parameters such as 
BOD, nitrate, phosphate, and dissolved oxygen indicate increasing pollution along the river 
flow (Irawanto et al., 2024). Agricultural activities directly increase nutrient content, 
particularly during the rainy season. Bioeconomic management must therefore consider 
spatial and seasonal variations in water quality to support appropriate mitigation strategies 
(Sipahutar et al., 2025). 

Community involvement through digital technology in river water quality monitoring 
is also highlighted. Participatory websites enable communities to upload real-time water 
quality data, strengthening social and participatory dimensions of river management. The 
integration of participatory data with scientific monitoring can improve policy 
effectiveness, transparency, and accountability in bioeconomic management while 
empowering local communities (Sulistiyowati & Uyun, 2022). The sustainability of the 
Brantas Watershed depends not only on regulations from central government but also on 
institutional strengthening at the meso level. This meso-institutional perspective supports 
participatory digital platforms and social groups, such as women’s communities, as 
connectors between macro-level government policies and local social-environmental 
needs. In a polycentric system, duplicated data from government sensors and community 
reports actually increases resilience to pollution and disasters, creating more responsive 
social control mechanisms against seasonal and economic changes (Pascucci, 2025). 

The research gap identified in this review is therefore an integration gap. The existing 
literature already contains valuable empirical information about water quality, agricultural 
pressure, heavy metals, microplastics, community vulnerability, participation, and 
governance. What is less developed is an analytical structure that places these evidence 
streams into one connected socio-bioeconomic system. The present study contributes by 
synthesizing the studies and defining how their variables can be related. This contribution 
should be understood as a framework-building and evidence-synthesis contribution, not as 
a claim that the systematic literature review (SLR) itself estimates new causal relationships 
(Holmes et al., 2025). 
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Adaptive governance provides a way to connect monitoring and decision-making 
through feedback. Monitoring identifies changes in ecological condition; the information can 
then be communicated to communities and institutions; management measures can be 
adjusted; and the effects of those measures can be evaluated through subsequent 
monitoring. This cycle is particularly relevant to a river system with seasonal and spatial 
variation. The purpose is not to create a fixed management response for all situations, but 
to create a process through which evidence can be used to adjust decisions (World 
Meteorological Organization, 2021). 

Water-resource management is characterized by uncertainty because environmental 
conditions, human activities, and institutional responses change over time. In this context, 
effective water governance requires the capacity to respond to complex management 
challenges and changing environmental and social conditions (Pahl-Wostl et al., 2020). 
Coordination among actors and institutions at different governance levels is also important 
within a polycentric governance system (Pahl-Wostl & Knieper, 2023). These perspectives 
are particularly relevant to the Brantas River because its management involves multiple 
actors with different responsibilities, interests, and sources of information. Government 
agencies, local communities, industries, academic institutions, and other organizations may 
therefore contribute differently to environmental management and the sustainable use of 
water resources. 

 
3. Results and Discussion 
 
3.1 Water resource management from a systems perspective 
 

Water resource management is a system involving interactions among ecological, 
economic, and social aspects. In the Brantas River, increasing pollution levels, such as high 
Biological Oxygen Demand (BOD), nitrate, and phosphate concentrations, are influenced by 
domestic, agricultural, and industrial activities (Sipahutar et al., 2025). Based on secondary 
data from 142 observation points within the Brantas Watershed, BOD values in several river 
segments reached approximately ±13.83 mg/L, exceeding the Class II water quality 
standard of 3 mg/L.  
 

 
Fig. 1. Location of the Brantas watershed 
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In addition, dissolved oxygen (DO) levels decreased at several observation locations, 
indicating a declining capacity of the river to support aquatic organisms (Irawanto et al., 
2024). The Brantas Watershed covers approximately 11,800 km² and is one of the most 
important river systems in East Java, supporting domestic water supply, irrigation, fisheries, 
and industrial activities (Rizky & Rahayu, 2025). The research data were obtained through 
a Systematic Literature Review (SLR) approach using scientific articles, government reports, 
and policy documents related to the Brantas River. Therefore, this study did not directly 
involve field respondents, but instead used social analysis units derived from previous 
studies. Respondents in earlier studies generally consisted of communities living along the 
Brantas River, household groups, environmental communities, farmers, and domestic 
activity actors directly interacting with water resources (Budirahayu et al., 2024). Most 
previous studies have primarily focused on the technical aspects of water quality and 
pollution sources, with limited integration of biophysical indicators, community economic 
activities, and social behavior within a socio-bioeconomic analytical framework (Cahyani & 
Irawanto, 2022). 

Most previous studies have primarily focused on the technical aspects of water quality 
and pollution sources, with limited integration of biophysical indicators, community 
economic activities, and social behavior within a socio-bioeconomic analytical framework 
(Pambudi et al., 2023). Earlier research mainly emphasized water quality parameters such 
as BOD, DO, pH, nitrate, and phosphate concentrations without operationally explaining the 
relationship between community participation, collective norms, and river ecological 
capacity (Pahl-Wostl et al., 2020). Therefore, this study attempts to integrate ecological 
indicators, economic utilization, and social variables within the framework of bioeconomics 
and Social Ecological Systems (SES) to provide a more comprehensive understanding of 
sustainable river management (Barbier, 2022). 
 
3.1.1 Bioeconomics 

 
The bioeconomic approach emphasizes that economic activities must remain within 

the ecological carrying and assimilative capacities of the environment in order to maintain 
long-term sustainability (Barbier, 2022). In the context of the Brantas River, agricultural 
activities, chemical fertilizer use, domestic waste disposal, and industrial activities exert 
significant pressure on river water quality (Aranceta-Garza et al., 2025). Secondary data 
from previous studies indicate that increasing domestic and agricultural activities are 
positively correlated with rising concentrations of organic matter, nitrate, and phosphate 
within the river body (Sipahutar et al., 2025). In several downstream segments of the river, 
increased nutrient accumulation has contributed to higher Biological Oxygen Demand 
(BOD) values and declining dissolved oxygen (DO) levels, indicating ecological stress within 
the aquatic system (Irawanto et al., 2024).   

The Brantas River supports various economic sectors, including irrigation, fisheries, 
household water use, and industrial production. However, the increasing intensity of 
resource utilization has exceeded the ecological capacity in several densely populated areas. 
According to Statistics Indonesia in 2025, population growth and urban expansion along the 
Brantas River have increased domestic wastewater production and solid waste disposal 
into the river system (Gholizadeh et al., 2021). Comparatively, upstream regions generally 
maintain better water quality conditions due to lower population density and stronger 
riparian vegetation coverage, while middle and downstream regions experience higher 
pollution loads because of concentrated settlements, agricultural intensification, and 
industrial activities (Ali et al., 2024). 

In previous studies used as secondary data sources for this research, social 
respondents generally consisted of riparian communities, farmer groups, household users, 
women groups, and environmental communities directly interacting with river resources 
(Budirahayu et al., 2024).  Many communities still relied on river water for bathing, 
washing, and other domestic activities despite declining water quality conditions. Some 
households continued disposing domestic waste directly into the river due to limited waste 
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management facilities, inadequate sanitation infrastructure, and low environmental 
awareness (Budirahayu et al., 2024). These conditions indicate that economic activities and 
community social behavior are directly associated with river ecological degradation. 

From a bioeconomic perspective, environmental degradation occurs when short-term 
economic benefits are prioritized over long-term ecological sustainability (Barbier, 2022). 
Excessive exploitation and pollution reduce the river’s carrying and assimilative capacities, 
ultimately threatening ecosystem resilience and community welfare (Purwanto et al., 
2023). Therefore, sustainable river management requires balancing economic utilization 
with ecological preservation through adaptive governance, community participation, and 
integrated environmental management approaches (Pahl-Wostl & Knieper, 2023).  

 
Table 1. Variation of water quality parameters in the brantas watershed 
Parameter Unit Dry Season Rainy Season Interpretation 
Nitrate (NO₃⁻) mg/L 4.5 7.8 Increased during the rainy season due to 

agricultural runoff. 
Phosphate (PO₄³⁻) mg/L 0.12 0.25 Higher concentrations indicate increased 

nutrient loading. 
Dissolved Oxygen 
(DO) 

mg/L 6.2 5.4 Lower DO during the rainy season 
suggests higher organic pollution. 

Biological Oxygen 
Demand (BOD) 

mg/L 2.8 4.6 Increased BOD reflects higher organic 
matter inputs. 

Chemical Oxygen 
Demand (COD) 

mg/L 12.5 21.3 Elevated COD indicates greater pollutant 
loads during the rainy season. 

(Sipahutar et al., 2025) 

 
3.1.2 Economic utilization and ecological carrying capacity 

 
The sustainability of river management depends on the ecological carrying and 

assimilative capacities of the environment (Barbier, 2022). In the Brantas Watershed, 
increasing agricultural, domestic, and industrial activities have contributed to rising 
Biological Oxygen Demand (BOD), nitrate, and phosphate concentrations, particularly in the 
middle and downstream areas (Sipahutar et al., 2025). At several monitoring points, BOD 
values reached ±13.83 mg/L, exceeding the Class II water quality standard of 3 mg/L, while 
dissolved oxygen (DO) levels declined due to increasing organic pollution (Irawanto et al., 
2024). 

In addition to nutrient and organic pollution, heavy metal contamination has become 
an emerging environmental issue in the Brantas River. Islamy et al. (2025) reported 
increasing concentrations of lead (Pb), cadmium (Cd), mercury (Hg), copper (Cu), and zinc 
(Zn) from upstream to downstream sections of the river. The study also revealed elevated 
micronucleus frequencies and gill histopathological damage in wild Cyprinidae, indicating 
genotoxic and physiological stress caused by prolonged exposure to aquatic pollutants. 
These findings suggest that deteriorating water quality not only affects physicochemical 
conditions but also threatens aquatic biodiversity and ecosystem health (Islamy et al., 
2025). 

 
Table 2. Summary of water quality indicators and environmental pressures in the brantas river 
Study Parameter Main Findings 
Sipahutar  
et al. (2025) 

BOD, nitrate, 
phosphate 

Agricultural activities and seasonal variation influenced pollution 
levels in the Brantas Watershed. 

Irawanto  
et al. (2024) 

BOD, DO BOD reached ±13.83 mg/L and exceeded the Class II water quality 
standard. 

Islamy  
et al. (2025) 

Pb, Cd, Hg,  
Cu, Zn 

Heavy metal accumulation increased from upstream to 
downstream sections of the river. 

Kurniawan  
et al. (2025) 

Microplastics,  
heavy metals 

Microplastics acted as carriers of heavy metals and indicated 
water quality degradation. 
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Social data from previous studies showed that some respondents living along the 
Brantas River still used river water for washing, bathing, irrigation, and disposing of 
household waste directly into the river because of limited sanitation facilities (Budirahayu 
et al., 2024). Respondents generally included riparian communities, household groups, 
farmers, and women communities directly interacting with river resources (Aggarwal & 
Anderies, 2023). From a bioeconomic perspective, these conditions indicate an imbalance 
between economic utilization and ecological capacity . Excessive resource use and pollution 
have reduced the river’s ability to naturally recover, threatening environmental 
sustainability and community welfare (Pahl-Wostl & Knieper, 2023).  

 
3.1.3 Bioeconomics as an analytical framework 

 
This study uses bioeconomics as an analytical framework to: identify the relationship 

between community economic activities and changes in the water quality of the Brantas 
River. Assess resource utilization based on the carrying and assimilative capacities of the 
environment. Analyze short-term economic impacts and long-term ecological risks.  
Formulate Brantas River management based on bioeconomics and Social Ecological 
Systems (SES). The analyzed data consist of biophysical variables such as BOD, DO, pH, 
nitrate, and phosphate, as well as social data including community behavior, participation 
levels, social norms, and economic activities of riverside communities (Nugroho, 2025). 

 
3.2 Social ecological systems (SES) 

 
The Social Ecological Systems (SES) approach emphasizes that environmental 

sustainability is influenced by interactions among humans, natural resources, and 
governance systems (Pahl-Wostl et al., 2020). In the context of the Brantas River, 
respondents from previous studies indicated that many communities still use river water 
for bathing, washing, irrigation, and other domestic purposes despite declining water 
quality conditions (Budirahayu et al., 2024). Several studies also reported community 
participation in mutual cooperation activities, participatory water quality monitoring, and 
community-based environmental management programs  (Sulistiyowati & Uyun, 2022).  

However, the level of participation varies across regions and is influenced by education 
level, institutional support, environmental awareness, and access to environmental 
information (Aggarwal & Anderies, 2023). Communities in areas with stronger institutional 
support generally show higher participation in river conservation activities compared to 
areas with limited environmental programs. These conditions indicate that water quality 
degradation is influenced not only by ecological pressures, but also by social norms, 
collective behavior, and environmental governance systems (Bourceret et al., 2022).  
Therefore, sustainable management of the Brantas River requires integration between 
ecological management, community participation, and adaptive governance approaches 
(Sulistiyowati & Uyun, 2022). 

 
3.3 Environmental governance and adaptive governance 

 
The adaptive governance approach emphasizes the importance of flexible, 

participatory, and social learning-based governance in water resource management (Pahl-
Wostl et al., 2020). Social data from previous studies indicate that communities involved in 
community-based water quality monitoring programs demonstrate higher levels of 
environmental awareness and participation compared to communities not involved in such 
programs (Sulistiyowati & Uyun, 2022) .Respondents in previous studies generally 
consisted of riparian communities, household groups, local environmental organizations, 
and women communities directly interacting with the Brantas River.  

In addition, several local communities have begun using digital-based reporting and 
participatory water quality monitoring systems as innovations in environmental 
governance (Sulistiyowati & Uyun, 2022). Communities with stronger institutional support 
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and access to environmental information tend to show better participation in river 
conservation activities (Aggarwal & Anderies, 2023). A collaborative and polycentric 
governance system enables coordination among governments, communities, industries, 
and other sectors in maintaining the sustainability of the Brantas (Pascucci, 2025). 
Therefore, adaptive governance is considered important for improving environmental 
management capacity and strengthening socio ecological resilience in the Brantas 
Watershed. 

 
3.4 Integrated interpretation of the evidence 

 
The literature synthesis suggests that the Brantas River should be understood and 

managed as an interconnected system. Evidence on BOD, DO, nitrate, phosphate, COD, 
microplastics, and heavy metals reflects different dimensions of ecological pressure, while 
social studies provide insights into how communities use the river and participate in its 
management. When these findings are considered together, the issue is not simply the 
presence of individual pollutants. Rather, it involves the interaction between resource use, 
pollutant generation, ecological responses, social vulnerability, and institutional capacity. 

The upstream–downstream perspective is particularly important for bringing these 
different sources of evidence together. Pollution generated in one part of the watershed may 
be transported and transformed before reaching other sections of the river (Irawanto et al., 
2024). At the same time, downstream areas may receive additional inputs from settlements, 
agricultural activities, and industry (Sipahutar et al., 2025). The spatial distribution of 
microplastics from upstream to downstream provides evidence of this spatial pattern and 
illustrates the importance of considering changes in pollution conditions along the river 
system (Rina et al., 2026). Studies examining heavy metals and conventional water-quality 
parameters provide complementary evidence for understanding these environmental 
pressures (Islamy et al., 2025). Taken together, the literature supports a management 
perspective that recognizes the connections between locations rather than treating each 
monitoring station as an isolated point (Sidjabat et al., 2020). 

Seasonal variation adds another important dimension to this system. The water-quality 
evidence summarized from the reviewed study shows differences between the dry and 
rainy seasons, particularly in nutrient levels and indicators of organic pollution (Sipahutar 
et al., 2025). Seasonal conditions can influence pollutant transport, dilution processes, and 
biological responses. From a management perspective, this suggests that the frequency and 
timing of monitoring and interventions may affect how effectively environmental problems 
are identified. A monitoring system based only on annual averages may overlook periods 
when environmental pressures are considerably higher (Sipahutar et al., 2025).  
 
3.5 Operationalization of the bioeconomic framework 

 
To make the proposed framework analytically useful, its components can be organized 

into four groups of variables: pressure, response, welfare, and governance. Economic and 
household activities form the pressure component, including agricultural intensity, 
domestic water use, industrial activities, and waste generation. Ecological conditions are 
represented by water-quality indicators and emerging contaminants. Biological responses 
provide evidence of effects on aquatic organisms. Social variables capture community 
behavior, vulnerability, environmental awareness, and participation, while governance 
variables reflect monitoring activities, institutional coordination, information exchange, 
and management responses. 

The framework can be understood as a feedback relationship. Economic and household 
activities generate environmental pressures; these pressures alter ecological conditions; 
ecological changes affect ecosystem services and human well-being; social experiences and 
environmental information influence behavior and participation; governance 
arrangements shape collective responses; and management interventions, in turn, influence 
resource use and environmental pressures. This formulation makes the framework more 
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than a narrative description because each component can be linked to measurable 
indicators that can be examined through future empirical research. 

For example, agricultural activity can be represented by land-use indicators or 
measures of activity intensity, while environmental pressure can be assessed through 
nutrient concentrations. Ecological responses can be represented by BOD and DO, whereas 
emerging pollution can be assessed using microplastic and heavy-metal measurements. 
Social behavior may be represented by waste-disposal practices or patterns of river-water 
use, while participation can be assessed through involvement in monitoring or conservation 
activities. Governance can be represented by the availability and effectiveness of reporting, 
coordination, and monitoring mechanisms. These indicators could subsequently be 
analyzed quantitatively using primary data. 

The SLR conducted in this study does not claim that all of these relationships have been 
statistically demonstrated using a single dataset. Instead, the operationalization of the 
framework is intended to show how evidence from different studies can be connected and 
to identify relationships that require further empirical testing. This distinction is important 
because the available literature differs in sampling locations, study periods, indicators, and 
research designs. A pooled statistical model would require comparable datasets, which are 
not available in the present review. 
 
3.6 Implications for environmental management 

 
The integrated evidence suggests that environmental monitoring should move toward 

a multi-indicator approach. Conventional parameters remain essential, but microplastics, 
heavy metals, and biological responses can provide additional information about ecological 
stress. Monitoring should also retain spatial and seasonal dimensions because the reviewed 
studies indicate that environmental conditions vary across locations and periods. This does 
not mean that every monitoring program needs to measure every possible parameter. 
Rather, indicators should be selected according to the environmental pressures and 
management questions relevant to each river segment (Kurniawan et al., 2025). 

Waste and sanitation management should also be more closely connected with 
environmental monitoring. Where communities depend on the river and waste-
management facilities remain limited, pollution control requires more than public 
awareness campaigns alone. Infrastructure, service availability, local institutions, and 
community participation need to function together. The social evidence reviewed in this 
study supports this interpretation because community behavior occurs within a broader 
system shaped by access, social norms, information, and institutional support (Mahira et al., 
2026). 

The findings also support strengthening participatory monitoring. Community 
observations can provide valuable information at the local level while increasing awareness 
of environmental conditions. However, participatory monitoring should be connected to 
scientific and governmental monitoring systems so that community observations can be 
validated and translated into appropriate management responses. In this context, 
participation becomes part of a broader environmental information system rather than 
functioning as a stand-alone community activity. 

For economic activities, management should aim to reduce environmental costs while 
maintaining socially important uses of the river. Agriculture, industry, fisheries, and 
domestic water use cannot simply be eliminated because they provide essential benefits to 
communities. Instead, a bioeconomic perspective encourages greater attention to efficiency, 
pollution prevention, resource-use limits, and the long-term value of ecological functions. 
Such an approach can help decision-makers identify situations in which prevention may be 
more efficient than responding to environmental damage after it has accumulated (Kisam 
& Yustiana, 2025).  
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3.7 Clarification of the study's novelty 
 

The novelty of this study lies in the development of an integrative bioeconomic 
framework that connects water quality indicators, community economic activities, and 
social variables such as participation, environmental awareness, and collective norms 
within a single analytical model (Barbier, 2022). Unlike previous studies that mainly 
focused on technical water quality analysis, this research integrates ecological, economic, 
and social dimensions through the Social Ecological Systems (SES) approach (Pahl-Wostl et 
al., 2020). This study combines biophysical data, including Biological Oxygen Demand 
(BOD), Dissolved Oxygen (DO), pH, nitrate, and phosphate, with social data obtained from 
respondents in previous studies, such as domestic waste disposal behavior, river water 
utilization, and community participation in environmental management (Sipahutar et al., 
2025). Respondents in previous studies generally consisted of riparian communities, 
household groups, women communities, farmers, and local environmental organizations 
directly interacting with the Brantas River. Therefore, this study provides a more 
comprehensive, adaptive, and socio-ecological systems-based approach to Brantas River 
management compared to previous studies that tended to separate ecological and social 
aspects (Bourceret et al., 2022). 

The novelty of the revised manuscript lies in the synthesis and operationalization of an 
integrative framework. This study does not claim that microplastics, heavy metals, 
community participation, or water-quality degradation are newly discovered phenomena 
in the Brantas River. These findings have already been documented in previous studies. The 
contribution of the present research is to bring these previously separated findings together 
within a socio-bioeconomic structure that links environmental pressure, ecological 
response, economic use, social behavior, and governance. 

This clarification is important for strengthening the academic position of the SLR. A 
literature review should not reproduce previous studies as though their findings were 
primary observations generated by the current research. Its contribution lies in identifying 
patterns, relationships, gaps, contradictions, and implications across studies. In this case, 
the cross-study evidence indicates that ecological pressures in the Brantas River are 
associated with multiple human activities, vary across space and seasons, affect aquatic 
organisms and communities, and require governance mechanisms capable of integrating 
information and participation. 
 
3.8 Contribution of the two new 2026 studies, limitations, and future research 

 
The two 2026 studies added in this revision strengthen the manuscript in different but 

complementary ways. Evidence on microplastics broadens the pollutant profile by 
examining their relationship with water-quality parameters from upstream to downstream 
(Rina et al., 2026). The biological component is further strengthened through the 
examination of Pb and Cd exposure using physiological and histopathological responses in 
Oreochromis niloticus (Islamy et al., 2025). Together, these studies broaden the evidence 
base beyond the conventional water-quality studies that have traditionally dominated the 
literature.  

More importantly, these two studies demonstrate the value of the proposed integrative 
framework. The microplastic study links an emerging contaminant to environmental 
conditions, whereas the biomonitoring study connects contamination with biological 
responses in organisms. When considered alongside the existing literature on BOD, 
nutrients, community behavior, and governance, these studies contribute to a more 
complete chain of evidence, extending from environmental pressure to ecological response 
and management implications. The present SLR does not combine the numerical datasets 
from these individual studies; instead, it treats them as complementary evidence within the 
analytical framework. 

Furthermore, the evidence synthesized in this study remains subject to the limitations 
of the available literature. The reviewed studies differ in their sampling locations, seasons, 
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indicators, and analytical methods. Social studies also differ in terms of respondent groups 
and research questions. These differences make direct comparison difficult. Therefore, the 
present study applies a thematic synthesis rather than claiming a pooled statistical effect 
across all variables. 

A further limitation is that the SLR relies on secondary evidence and therefore cannot 
independently verify conditions in the field. The review can identify patterns reported in 
previous studies, but it cannot establish the current environmental condition at every point 
along the Brantas River. Future research should therefore combine the framework 
developed here with primary monitoring data. A longitudinal dataset covering water 
quality, emerging contaminants, biological responses, economic activities, and social 
behavior would provide a stronger basis for testing the relationships proposed within the 
framework. 

Future research could also develop a quantitative bioeconomic model. Such a model 
could estimate relationships between economic activities and pollution pressures, identify 
environmental thresholds, and compare alternative management scenarios. Social variables 
could be incorporated through indicators of participation, environmental awareness, 
compliance, and institutional capacity. The broader objective would be to move beyond 
evidence synthesis toward scenario analysis that can examine how alternative management 
strategies may affect both economic benefits and ecological outcomes. 

 

4. Conclusions 
 

The findings of this study indicate that the sustainability of Brantas River management 
is influenced by the interrelationship among community socio-economic activities, the 
ecological capacity of the river, and environmental governance systems. In addition, 
agricultural activities involving the intensive use of fertilizers and pesticides contribute to 
increased nitrate and phosphate concentrations in the river flow. These conditions are 
reflected in the increasing levels of pollutant parameters such as Biological Oxygen Demand 
(BOD), nitrate, phosphate, and biological contamination at several points within the Brantas 
Watershed. In contrast, areas with more active community involvement in waste 
management, riverbank conservation, and water quality monitoring demonstrate relatively 
better ecological conditions. These findings indicate that community social behavior has a 
direct relationship with changes in the ecological quality of the Brantas River within the 
framework of Social Ecological Systems (SES). Therefore, Brantas River management 
requires a bioeconomic approach that is not only oriented toward technical pollution 
control but also toward strengthening environmental awareness, encouraging changes in 
community social behavior, and developing adaptive and sustainable collaborative 
governance. 

Community participation in maintaining river cleanliness, managing domestic waste, 
and conducting community-based water quality monitoring has become an important 
factor in strengthening the socio-ecological resilience of the Brantas Watershed. Thus, this 
study contributes to the development of an integrative bioeconomic approach that connects 
biophysical indicators, community economic activities, and social variables within a single 
analytical framework for sustainable river management. The integration of social and 
biophysical data into policy-making processes is important to ensure that river 
management becomes more responsive to local conditions and environmental changes. 
Local governments need to strengthen domestic waste management policies, improve 
water quality monitoring, and develop community-based environmental education 
programs in the Brantas Watershed area. Governments should also promote participatory 
and community-based water quality monitoring systems to improve the effectiveness of 
river management. Communities are expected to enhance environmental awareness by 
reducing domestic waste disposal into rivers, improving household waste management, and 
actively participating in environmental conservation activities. Environmental managers 
and local communities also need to develop regular water quality monitoring programs and 
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strengthen collaboration among communities, academics, and government institutions in 
managing the Brantas River. 

This study still has limitations because it relies on a literature review approach and 
secondary data, which may not fully represent actual empirical conditions in the field. 
Therefore, future studies are recommended to develop quantitative bioeconomic models, 
conduct analyses based on primary data, and evaluate the effectiveness of adaptive 
governance in various watersheds in Indonesia. Future research is expected to produce 
more comprehensive, adaptive, and sustainable water resource management models. With 
more operational and actor-based recommendations, Brantas River management is 
expected to be implemented more integratively through collaboration among governments, 
communities, and environmental managers.
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